Abstract-A novel planar monopole antenna with dualband operation suitable for WLAN application is presented in this paper. The antenna resembles as a "G" shape from combining two folded strips and is fed by a coplanar waveguide (CPW) transmission line. By optimally selecting the antenna dimensions, dualband resonant modes with a much wider impedance matching at the higher band can be produced. Prototypes of the obtained optimized design have been constructed and tested. The measured results explore good dualband operation with −10 dB impedance bandwidths of 9.7% and 62.8% at bands of 2.43 and 4.3 GHz, respectively, which cover the 2.4/5.2/5.8 GHz WLAN operating bands, and show good agreement with the numerical prediction. Good antenna performances such as radiation patterns and antenna gains over the operating bands have also been observed.
Recently, with the wireless communications, such as the wireless local area network (WLAN), having evolved at astonishing rate, it has been well known that the future communication technology pressingly demands integration of more than one communication system into a limited equipment space. This indicates the future communication terminal antennas will not only be desired to be low-profile lightweight, flush mounted, and single-feed but also need to meet the requirements of dual-or multiband operation for sufficiently covering the possible operating bands. To comply with this requirement, a compact planar high performance antenna with function of dual-or multiband operation, and good radiation characteristics is therefore needed. However, the difficulty of antenna design increases when the number of operating frequency bands increases. So far, many antenna designs with enhanced dual-or multiband operation capabilities to satisfy the IEEE 802.11 WLAN standards in the 2.4/5.2/5.8 GHz operating bands have been developed and presented [1] [2] [3] [4] [5] [6] . Among these antennas, the CPW-fed monopole antennas have especially received much more interest than others owing to their potential in providing various required radiation features of dual-or multiband, broad bandwidth, simple structure of a single metallic layer, and easy integration with system circuit board. However, for the available CPW-fed antenna designs capable of dual-or multiband operation for use in a WLAN system, as references of [4] [5] [6] , some of them are with a complex structure and some are large in antenna sizes.
In this study, we propose a CPW-fed G-shaped planar monopole antenna with optimal dualband operation simultaneously suitable for use in the 2.4/5.2 GHz wireless local area network (WLAN) applications. The geometry parameters of the proposed antenna, including the dimensions of the G-shaped strip structure, the sizes of the coplanar ground planes, and the spaces between the ground plane to either the G-shaped strips or the CPW feeding line, were all carefully selected by using moment method code IE3D to achieve good dualband operation. Prototypes of the obtained antenna for dualband operation were constructed and the predicted and measured antenna performance such as input return loss, impedance bandwidths, radiation patterns, and gains are presented and discussed. Figure 1 shows the geometrical configuration of the proposed CPW-fed planar monopole antenna for achieving dualband operation. The antenna is printed on only one side of an FR4 microwave substrate with the substrate thickness of 1.6 mm and the dielectric constant of 4.4. The main structure of the proposed antenna comprises two folded strips, denoted as L 1 and L 2 , respectively, and a CPW feeding line. The strips L 1 and L 2 are both have a fixed strip width of s and are folded to resemble the antenna in a "G" shape. For the smaller folded strip L 1 , it includes two horizontal sections with lengths of w − w f /2 and 1 for the lower and upper sections, respectively, and one vertical section of length of d 1 + s + s. As for the larger folded strip, L 2 , it includes two vertical and two horizontal sections, and can be determined by using only three parameters, which are the distances d 2 and d 3 from the upper horizontal section of the smaller folded strip to the left and right vertical section, respectively, of the larger folded strip, and the length 2 of the right vertical section of the larger folded strip. The major function of the two folded strips of unequal lengths is to produce two different current paths and thus expected to effectively excite dual resonant modes. A 50 Ω CPW feeding line with a fixed signal strip thickness of w f and a gap distance of g between the signal strip and ground is used for centrally feeding the G-shaped antenna from its bottom edge. Two equal finite ground planes, each with dimensions of width W g and length L g , are situated symmetrically on each side of the CPW feeding line. The G-shaped radiating structure has a vertical spacing of h away from the ground plane. In this investigation, for trying to obtain good dualband impedance matching by controlling the current distribution on the G-shaped stripline and compensation between the capacitive and inductive effects caused from the electromagnetic coupling effects of the finite ground planes and both the feeding line and the G-shaped stripline at the desired various operating bands, the geometry parameters were all carefully examined and finally the proper values for these parameters were obtained to be as those listed in Table 1 . 
DESIGN OF ANTENNA

RESULTS AND DISCUSSION
The obtained dual-band CPW-fed G-shaped monopole antenna was constructed and experimentally studied. Figure 2 shows the measurement and simulation frequency response of the return loss for the proposed antenna. Obviously, the simulation results show that except the two resonant modes at frequencies of 2.45 and 5.2 GHz two additional resonant modes are also excited at frequencies about 4.4 and 5.8 GHz. Especially, the simulated 10 dB impedance bandwidths across the three excited resonant bands at 4.4, 5.2, and 5.8 GHz are sufficient to produce a much broader continuous bandwidth from 3.91 to 6.46 GHz. As for the measured results, also, four resonant modes at frequency of 2.43, 4.3, 5.24, and 6.09 GHz were obtained. The lower mode has an impedance bandwidth (10 dB return loss) of 236 MHz (2.3-2.536 GHz), or about 9.7% with respect to the center frequency at 2.43 GHz, while for the higher mode, a broader continuous bandwidth produced from the three close resonant modes at 4.3, 5.24, and 6.09 GHz, has been reached to be 2.7 GHz (3.92-6.62 GHz), or about 62.8% referred to the best resonance frequency at 4.3 GHz. Obviously, the agreement between simulation and measurement seems very good. In addition, the obtained bandwidths can sufficiently cover the WLAN standards in the 2. Radiation characteristics of the constructed antenna are also studied. Figure 3 plots the measured radiation patterns including the vertical (E θ ) and the horizontal (E φ ) polarization patterns in the elevation direction (x-z and y-z planes) and azimuthal direction (x-y plane) at 2.45, 5.25, and 5.75 GHz for the proposed antenna. Due to the asymmetry in the G-shaped structure, unsymmetrical radiation patterns are seen in the three cuts as depicted in the plots. In addition, general monopole-like radiation patterns in the x-z and y-z planes and nearly omnidirectional radiation in the azimuthal plane are observed. However, it is also found that the E θ and E φ components of the patterns in both the x-z and y-z planes are seemed to be much comparable. This electromagnetic phenomenon is probably a result of the strong horizontal components of the surface current at the two folded-strip of the G-shaped structure. Also note that very stable radiation patterns have been obtained for the proposed antenna from measurements at other operating frequencies across the bandwidth of each band. The peak antenna gain of the proposed antenna for frequencies across the dual bands was measured and shown in Figure 4 . The ranges of antenna gain at the lower band of around 2.45 GHz is about 2.7-3.1 dBi with a very flat gain curve, while that at the higher operating band ranged from 3.9 to 6.6 GHz is about 3-5 dBi also with a small gain variation around 5 GHz band.
CONCLUSION
In this study, a novel CPW-fed G-shaped planar monopole antenna with dualband operation is presented. The constructed prototype of the proposed antenna with dual impedance bandwidths of 9.7% and 62.8% at bands of 2.43 and 4.3 GHz, respectively, sufficiently covering the bandwidth requirements of the WLAN system in the 2.4/5.2/5.8 GHz standards, have been studied. Also, good antenna performances have been obtained and shown to match well with the numerical prediction.
